The surgery of aortic incompetence and calcific aortic stenosis has made disappointing progress, chiefly because of the need for partial or total valve replacement in many of these patients and the technical problems inherent in designing an artificial valve. In rheumatic aortic incompetence it is now fairly clear that total replacement of the valve is almost always required (McGoon, Mankin, and Kirklin, 1963) , and in calcific aortic stenosis the lesion is by no means always adequately relieved by decalcifying the cusps, so that partial or total valve replacement is necessary in a proportion of these cases also.
Dissatisfaction with the available plastic aortic valve prostheses led to a review of the experimental and clinical experience with homograft aortic valves. The experimental evidence (Murray, 1956; Lam, Aram, and Munnell, 1952; Brewin, 1956; Beall, Morris, Cooley, and De Bakey, 1961) , while a little conflicting, suggests that with the host valve rendered incompetent a homograft valve will function in the dog. Clinical experience from Toronto (Murray, 1956; Kerwin, Lenkei, and Wilson, 1962) , where homograft aortic valves have been inserted in the descending thoracic aorta in patients with severe aortic incompetence, shows that these valves will function normally for up to six years. The evidence seemed sufficient to justify attempts to insert homograft valves in a subcoronary position in anticipation that they would function better and for longer periods than plastic prostheses.
The technique used for inserting the valve was based on experience gained in approximately 100 open operations on the aortic valve and was first used in August 1962 before receiving the report of a similar procedure performed by Ross (1962) at about the same time. The technique has proved very satisfactory and the valves have all continued to function well. Indeed the experience presented here, including necropsy examination of two valves three and a half and four and a half months after insertion, is most encouraging and suggests that homograft aortic valves are worthy of serious consideration for aortic valve replacement.
MATERIAL
During the 16 months from August 1962 to November 1963 inclusive, the aortic valve has been completely excised and replaced by a homograft aortic valve in 21 patients with aortic incompetence, 17 with calcific aortic stenosis, and six with multivalvular disease. Clinical data obtained before and after operation in these 44 patients and various operative findings are listed in the Table. In this same period one further patient with aortic incompetence underwent operation, and it was intended to replace the valve with a homograft valve. Death occurred, however, immediately bypass was started from retroperitoneal rupture of an aortic dissection which began at the site of cannulation of the external iliac artery and ended at the point of rupture. The aortic wall showed extensive medionecrosis at necropsy. Although this was a 'perfusion ' death, it does not reflect directly on homograft valve replacement and will not be considered further.
The ages varied from 14 to 66 years, and 20 patients were over the age of 50. Symptoms have been divided into four grades of severity: grade 4 if there was a history of congestive heart failure, paroxysmal nocturnal dyspnoea, orthopnoea or angina decubitus; grade 3 if there was angina of effort or syncope in addition to effort dyspnoea; and grade 2 if there was moderate effort dyspnoea only. On this basis 28 of the 44 patients had grade 4 symptoms, 11 grade 3, and five grade 2. The electrocardiogram showed a complete left bundle branch block in cases 22 and 31 and a complete right bundle branch block in case 21. Left ventricular surface leads and their equivalents showed inverted T waves with or without ST depression, indicating severe left ventricular hypertrophy in all but three of the remaining patients, and in these (cases 16. 19. and 35) the changes were moderate with T waves of low voltage. at which time the ventricular septal defect was closed and the prolapsing right aortic cusp was replaced with a teflon leaflet with an excellent immediate result. Aortic incompetence soon re-appeared, however, and rapidly progressed until the boy was in uncontrollable heart failure. In addition, a continuous fever was present and splinter haemorrhages kept appearing in the nail beds, indicating infection, although this was never proven. At the second operation the teflon leaflet still appeared to be functioning well, and the incompetence was due to partial detachment of the non-coronary cusp where it met the teflon leaflet.
ASSOCIATED LESIONS Clinical assessment suggested that two patients in the aortic incompetence group (cases 11 and 14) also had mitral incompetence that was too mild to require surgical attention. This was borne out by pressure measurements taken at operation and by the post-operative course, because after complete correction of the aortic leak the mitral incompetence became inconspicuous.
Two patients had large intrapericardial ascending arch aneurysms in association with aortic incompetence (cases 10 and 18). In both, in addition to inserting a homograft aortic valve, the aneurysm was 133 group.bmj.com on April 13, 2017 -Published by http://thorax.bmj.com/ Downloaded from completely excised and the aorta reconstituted by direct end-to-end anastomosis just above the new valve. In case 10 the aneurysm was syphilitic and communicated with the right pulmonary artery. This acquired aorto-pulmonary window was not suspected for the murmur was not continuous, presumably because the valvular incompetence was severe enough to lower aortic diastolic pressure and prevent a large left to right shunt throughout diastole. In case 18 the aneurysm was probably the result of a localized long-standing aortic dissection.
One patient (case 30) was thought to have a bronchogenic carcinoma producing marked stenosis of the right upper lobe bronchus and a right hilar mass.
Bronchoscopic biopsy and sputum cytology were repeatedly negative, and, as the aortic stenosis was severe, the lung lesion was treated by radiotherapy alone, using the linear accelerator. There was considerable clearing of the hilar shadows and improvement in the bronchoscopic appearances. His cardiac status continued to deteriorate until frank heart failure appeared, and at this stage-10 months after completion of radiotherapy-aortic valve surgery was performed without complications. There has been no recurrence to date of pulmonary disease.
Six patients had pre-operative renal damage. This was most marked in case 6, as already detailed, but the creatinine clearance was reduced to between 60 and 70 ml./min. in cases 18, 36, and 37 and to approximately 80 ml./min. in cases 3 and 41, and the blood urea was also at the upper limits of normal in these five patients.
The (Rains, Crawford, Sharpe, Shrewsbury, and Barson, 1956) . The valves were then placed in nutrient medium similar to that described by Gross, Bill, and Peirce (1949) , to which penicillin and streptomycin were added, and stored at 40 C. for up to a week before freeze-drying. They were cultured just before being placed in the medium and again on removal before freeze-drying: if positive they were not used. After freeze-drying, the outside of the sealed glass vacuum tube was sterilized in an ethylene oxide gas chamber at body temperature. Freeze-dried valves were reconstituted by placing them in distilled water for 30 minutes and then in isotonic saline.
The valves were inserted with the aid of a heart-lung machine of either Melrose or Kay Cross design with modifications to the venous side of the oxygenator circuit (Barratt-Boyes and Yarrow, 1961) . The machine was primed with a mixture of two parts of heparinized blood (drawn on the morning of operation) to one part of 5% glucose containing 5 g. of serum albumin per 100 ml. The mediastinum was opened through a vertical sternal-splitting incision, avoiding entry into either pleural cavity. The arterial cannula was inserted into the external iliac artery both to ensure as low an arterial line pressure as possible and to avoid any possibility of contaminating the thoracic field from a groin incision. A single right atrial cannula was used, except in cases 10 and 18, where both cavae were taped and two caval lines inserted: this was because previous experience had shown that a single right atrial line is dangerous in ascending aortic arch aneurysm where there is a possibility of holing the pulmonary artery. In case 10 it was fortunate that both caval tapes were in position as there was an unsuspected aorto-pulmonary communication.
The patients were cooled to a nasopharyngeal temperature of 300 C., and perfusion flow was fixed at 2 L./m.2/min. during the cooling phase to allow the heart to contribute to the circulation in the expectation that body cooling would be more uniform, and in patients with severe aortic incompetence, to prevent overdistension of the left ventricle from excessive retrograde aortic flow during the cooling phase. The aorta was cross-clamped in cases with incompetence immediately there was any suggestion of overdistension of the left ventricle, and in others at 300 C.; it was then opened transversely aboutpumps were repeatedly adjusted to avoid excessive air in the lines. Moreover the perfusion flow was maintained at 2 l./m.2/min. until towards the end of the procedure when rewarming had been started and the nasopharyngeal temperature had reached 320 C., at which time flows were increased to 2.4 l./m.2/min. In addition to keeping flows fixed at 2 L./m.2/min., as soon as the aorta was cross-clamped blood was taken from the patient into the machine until right atrial pressures were negative. This manceuvre helped to decompress the heart and lungs, to lessen open-heart return, and thus to improve operating conditions. When a single right atrial cannula is used and flows are fixed at 2 l./m.'/min., it is of course imperative to have a low venous pressure if the heart is still beating, otherwise some of the right atrial return will be pumped through the lungs and will appear in the left heart field; in about half the cases the heart continued to beat throughout the procedure. The patient's arterial pressure was monitored continuously, and in the few cases in which mean arterial pressure fell below 70 mm. Hg during perfusion, blood was returned to the patient and flows increased. Otherwise blood was not returned until the rewarming phase.
As soon as the left heart was emptied of blood, the left and right coronary arteries were cannulated. The blood for coronary perfusion was taken by a separate line from the arterial end of the oxygenator and was not separately filtered or cooled. The myocardium was thus maintained at a temperature of approximately 300 C. Plastic coronary artery lines were used with metal tips fitted with self-inflating rubber cuffs of Mayo Clinic design (Fig. 1) . Care was taken to avoid advancing the left coronary cannula tip too far and so perfusing only one major branch of this vessel. These cannulae proved very satisfactory as blood rarely leaked around them. During subsequent surgical manipulations, however, ..--I they were liable to displacement unless further secured, and this was satisfactorily achieved by a single stitch through the aortic wall close to each coronary orifice (Fig. 2) . The two ends of the stitch were passed through a length of fine rubber tubing and, after snuggling the end of this tubing down on to the outer aortic wall, the plastic tubing of the coronary line was held firmly against the inner aortic wall. The two stitches, one for each coronary line, were left in place until aortic closure was almost completed. Both coronary arteries were separately perfused with a
Sigmamotor pump at a flow of 150 to 200 ml./min., with monitoring of line pressures just beyond the pump heads. This pressure averaged 150 to 200 mm. Hg, and the coronary tips were adjusted whenever necessary to prevent a rise above 300 mm. Hg. In eight patients the right coronary artery was not perfused. In case 1, aged 14, the orifice was too small; in cases 12 and 29 it was absent; in case 21 it was pin hole in size due to extensive fibrous thickening and calcification within the aortic wall from syphilitic aortitis. In the other four patients (cases 17, 18, 36, and 37), with an average age of 62 years, it was possible to cannulate the right coronary orifice acourately but not to perfuse the artery as line pressures immediately rose precipitately. It is almost certain that these arteries were blocked close to their origins. In these eight patients flow through the left coronary cannula was increased and blood temperature was dropped to approximately 27°C. Placement of the coronary cannulae in the way described took only a few minutes, and further attention to them was seldom required. The aortic valve was then excised. When fibrous, a peripheral cusp remnant was left: if extensively calcified, the-calcium was nibbled away carefully from the aortic wall and ventricular outflow tract with complete removal of the cusps. The homograft aortic valve was then sutured into position below the coronary ostia. The aortic wall was trimmed from the homograft by cutting away the aortic sinuses above (Fig. 3A) , leaving the aortic ring intact just below the cusps (Fig. 3B) . Two continuous suture lines were used, one through the aortic ring below the cusps and the second following the line of the aortic remnant above each cusp. Unfortunately, the aortic ring below the cusps, while fibrous posteriorly, is largely friable muscular tissue anteriorly: for this reason the homograft valve was rotated through 180° (Fig. 3C) so that the more difficult anterior sutures, which bite into muscular tissue of the patient's septum, passed through the fibrous aortic ring of the graft. Suturing was commenced by inserting three stay sutures through the aortic ring of the graft beneath the most dependent portion of each cusp (Fig. 4A ). These sutures were passed into the left ventricular outflow region through corresponding points below the most dependent portions of each of the patient's excised cusps. The valve was then lowered into position and inverted down into the cavity of the left ventricle (Fig. 4B ) so that the aortic ring presented as the most superficial part of the prosthesis; and the three sutures were tied. It was then a relatively simple matter to complete suturing the aortic ring of the graft to the host, using the three stay sutures. In case 39 this suture line was completed before it was realized that the graft had been turned inside out. The sutures had to be cut out and inserted again with the graft correctly placed; but on this second occasion the suture line presumably passed too close to membranous ventricular septal edge for a permanent complete heart block resulted in this patient.
When the proximal suture line was completed the graft was pulled upwards into its correct position (Fig. 4C ) and the uppermost points of each cusp attachment were sutured to the aortic wall just above the patient's cusp remnant. The upper sutures were then completed between these three points as continuous suture lines, picking up the aortic wall of the graft at the base cf each cusp and, ideally, passing'through the patient's cusp remnant. It was not always possible to use this remnant, because either the homograft valve tended to lie better a fraction higher than.this, or the line of the remnant was distorted or even bicuspid, or in calcified cases the valve had already been completely removed. In these cases the upper sutures were placed through the aortic wall above the cusp remnant usually at the lowest extension of each sinus of Valsalva, as shown in Fig. 4C ; although, when a bicuspid valve had been excised (as was the 137 group.bmj.com on April 13, 2017 -Published by http://thorax.bmj.com/ Downloaded from case in 10 patients), the homograft valve required a completely new line of attachment dictated by the lie of its three cusps. With valve placement completed, the aortic incision was closed with a running suture started at each angle and carried anteriorly. Provided this single suture line was kept taut, it seldom leaked, and additional sutures were rarely required. The coronary cannulae were left in position until aortic closure was almost completed and the left heart was filled with blood.
The stage at which the heart was electrically defibrillated depended upon the excellence of the coronary perfusion. When both coronary arteries had been perfused, defibrillation was readily accomplished in every instance before removing the coronary cannulae and completing aortic closure, since by this stage the nasopharyngeal and myocardial temperatur& had been returned to 35°C. In these patients, once the heart was stable and blood was being ejected through the unclosed portion of the aortic incision, coronary perfusion was stopped, and the cannulae were removed after releasing the stay sutures around them. Aortic closure was then rapidly completed and the aortic cross-clamp was released. A large-bore hypodermic needle was passed through the front of the suture line to release any air trapped above the valve, and the left ventricular suction line was then removed. When, however, only the left coronary artery had been perfused, rewarming above 32°C. was delayed until aortic closure was completed, and the aortic clamp was released with the heart still fibrillating. This allowed optimum coronary perfusion from the machine while rewarming was continued to about 34°C. when defibrillation was attempted and was immediately successful in all but case 37. In this patient, although five to 10 co-ordinated beats followed each attempt at defibrillation, ventricular fibrillation kept recurring over a period of 45 minutes. Fortunately, with the aid of various drugs, including procaine amide, electrical defibrillation was finally successful and a stable sinus rhythm was maintained thereafter.
Bypass was then stopped, adding blood from the machine until the venous pressure reached 12 to 15 mm. Hg. After decannulation the pericardium was closed loosely over one soft rubber catheter, and a second catheter was placed in the anterior mediastinum.
In the six patients with multivalvular disease, while the homograft valve was inserted as described, a sternal-split chest incision was not satisfactory because it did not permit proper exposure of the mitral valve. Thus in case 39, although the left atrium was widely opened from the right side, it was a rather small chamber and the mitral valve could not be exposed. A ruptured chorda, clearly seen from the aortic approach, could not therefore be repaired. In case 40, a right lateral thoracotomy in the fifth intercostal space allowed easy cannulation of the coronary arteries through the usual transverse aortotomy and excellent exposure of the mitral valve, but suturing of the homograft aortic valve was extremely difficult. In cases 41, 42, and 43, a bilateral anterior thoracotomy was used and allowed good exposure of both valves. This incision is not favoured, however, in patients with advanced heart disease because of the greater blood loss and greater difficulty with ventilation post-operatively. In case 44, a new incision was tried through the anterior half of the right fifth intercostal space, across the sternum at this level and vertically upwards along the left sternal edge, inside the internal mammary vessels, where the second, third, and fourth left costal cartilages were divided without opening the left pleura. This right antero-lateral approach, with sternal division and the patient positioned slightly obliquely, gives surprisingly good exposure of aortic, mitral, and tricuspid valves without the disadvantages inherent in a bilateral anterior thoracotomy and is currently the approach of choice in multivalvular disease.
In all six patients the mitral valve was approached from the right side and, when stenotic, was opened with a dilator and a knife. In case 44, because of valvular calcification and fibrosis, incompetence was produced, and a Starr-Edwards ball valve (1961) was therefore inserted in the mitral orifice. The tricuspid incompetence was corrected by a tricuspid annuloplasty. Of the three patients with mitral incompetence, correction was not practicable, as already noted, in case 39; in case 42, complete correction was achieved by repairing a ruptured chorda in a manner described previously (Barratt-Boyes, 1963 ) and partially closing the adjacent commissure; and in case 43, a StarrEdwards ball valve was inserted.
The duration of heart-lung bypass and of coronary perfusion in each patient is listed in the Table. Case 10 required a three-hour bypass and coronary perfusion for 153 minutes, but an ascending arch aneurysm was also resected in this patient. In most cases with aortic incompetence alone, bypass time was just under two hours; in cases with calcific stenosis it averaged slightly more than two hours ; and in the multivalvular group a two-and-a-half-to three-hour perfusion was the rule. The serum haemoglobin level was measured spectrophotometrically at half-hourly intervals throughout the perfusion. The level in machine blood after perfusion was significantly raised in only four patients: to approximately 150 mg. in cases 3, 4, and 20, and to 304 mg. in case 22.
Post-operative management did not differ from that for other bypass cases. Venous and arterial pressures were monitored continuously for the first eight to 12 hours, and moderate elevation of the venous pressure was maintained. Oxygen tents were seldom used, and intermittent positive pressure respiration was never required. Additional base was not given to any patient as serial pH and carbon dioxide values were satisfactory. Digitalis therapy was commenced or continued within 12 hours of warding. The administration of crystalline penicillin, one million units six-hourly, was continued for two weeks, and of streptomycin, 1 g. daily, for four days. Anticoagulants were not used. 133 group.bmj.com on April 13, 2017 -Published by http://thorax.bmj.com/ Downloaded from Intravenous mannitol was given in eight cases as a prophylactic measure against renal failure, and oliguria did not occur in these or in any other patient. In cases 4 and 22 the only indication for its use was a raised serum haemoglobin level above 100 mg. at the end of bypass (Porter, Sutherland, McCord, Starr, Griswold, and Kimsey, 1963) , while in the remaining six there was evidence, already detailed, for preoperative renal damage.
RESULTS
Forty-one of the 44 patients survived operation with an apparently normally functioning homograft valve. One death occurred in each of the three groups.
Case 5 with aortic incompetence died within six hours of warding. In this patient, three pints of blood drained from the mediastinum during the first three hours, and there was a large haematoma beneath the right iliac fossa incision for insertion of the arterial cannula. The wounds were reopened and the bleeding points were controlled, but an hour or so later, when the blood pressure and other vital signs were satisfactory and bleeding had stopped, she suddenly vomited blood, inhaled a considerable quantity, and died soon after. Necropsy showed bl0od clot in the trachea and right main bronchus but no blood in the peripheral bronchi, and there was total collapse of the right upper lobe and partial lung collapse elsewhere. The stomach contained a small acute ulcer and blood, and it is assumed that this 'stress' ulcer was the source of the vomited blood. The homograft aortic valve was accurately placed and competent, and the other heart valves were normal.
Case 28, with calcific aortic stenosis, died on the third post-operative day from a large fullthickness infarction of the left ventricular wall due to compression of the left coronary artery and its two main branches by haemorrhage which lay outside the media. The mechanism of this bleeding is obscure as there was no medionecrosis of the wall or separation of the media, and the condition was therefore not a 'dissecting aneurysm'; nor could any communication be found between this blood and the vessel lumen.
Case 44, with aortic and tricuspid incompetence and mitral stenosis, died on the evening of the day of surgery. This patient had very severe disease with gross cardiomegaly (cardio-thoracic ratio 75% (Kreel, Zaroff, Canter, Krasna, and Baronofsky, 1960) and one a post-cardiotomy syndrome (Robinson and Brigden, 1963) (Figs. 5 and 6 ). At the time of operation this 14-year-old girl was in severe congestive heart failure from rapidly progressive aortic incompetence which followed bacterial endocarditis. One year later there was a faint ejection systolic murmur, a faint short early diastolic murmur, and normal splitting of the second heart sound; the chest radiograph and electrocardiogram were normal and the blood pressure was 105/70 mm. Hg. These findings are representative of all the surviving patients with a sufficient period of follow-up except case 2. In these other patients the symptoms have rapidly lessened, and in the aortic incompetence group in particular the heart size has rapidly diminished. About half the patients have a faint short early diastolic murmur maximal along the left sternal edge. This murmur has seldom been heard until about one week after operation and in some cases has subsequently tended to diminish in intensity. In no patient has there been any other clinical evidence of residual aortic incompetence. An ejection systolic murmur of mild to moderate intensity has invariably been present from the day of operation but has also tended to disappear. In case 23 this murmur was associated with a gradient of 36 mm.
Hg across the homograft valve (Table) . This patient had a rather small left ventricular outflow and aortic ring, and the homograft valve was a little large. Despite this, however, progress has been very favourable with complete loss of symptoms of dyspnoea, angina, and syncope, and with a rapid return of the heart size and electrocardiogram towards normal (Fig. 7) uncomplicated, and when last examined three months after operation there had been a dramatic reduction in the heart size ( Fig. 8) and she was symptom-free. The blood pressure was 135/85 mm. Hg, and faint aortic systolic and diastolic murmurs were heard. Death occurred two weeks later and was immediately preceded by anginal pain which came on at rest. Necropsy showed death to be due to acute left ventricular failure with marked pulmonary congestion and oedema. The left ventricle showed residual hypertrophy and an old antero-lateral infarction. The coronary artery branches showed some atheromatous narrowing but were macroscopically patent. Microscopically, however, the majority of the small mural arteries were narrowed by eccentric _< g Wr...,... group.bmj.com on April 13, 2017 -Published by http://thorax.bmj.com/ Downloaded from fibro-elastic intimal thickening (Fig. 9) , similar to that seen in pulmonary vessels in low flow states and thrombo-embolic disease, and there were numerous irregular fibrous tissue scars of varying size scattered throughout the septum and left ventricle. Coronary insufficiency and death were presumed to result from these changes. The homograft valve could have been mistaken for normal as the silk suture lines were covered and smooth and the cusps were thin, semi-transparent, and pliable and easily approximated one another (Fig.  10) (Fig. 14) .
The second late death was that of case 9, a 45-year-old butcher, who developed aortic incompetence after an attack of bacterial endocarditis in 1952. Six years later angina appeared and then progressed until it came on after only minor effort. The aortic valve was tricuspid and severely calcified. Post-operatively he developed atrial fibrillation which converted spontaneously to sinus rhythm, but there were no other incidents. He returned to work within three months and was free of symptoms. When last examined the blood pressure was 135/85 mm. Hg, and there was a faint aortic ejection murmur but no diastolic murmur. He died suddenly four and a half months after surgery while shovelling gravel into a concrete mixer. As in the previous patient necropsy showed marked pulmonary oedema and residual left ventricular hypertrophy, and again, while all coronary arteries were macroscopically patent with unimportant atheroma, there was the same widespread fibro-elastic intimal thickening of the small mural arteries and numerous scattered areas of myocardial fibrosis, indicating diffuse coronary insufficiency. In the absence of any other explanation this is presumed to have been the cause of death. The homograft valve was obviously competent and looked normal (Figs. 15 and 16 Murray (1956) , which are supported by the satisfactory six-year followup of his first patient in whom a homograft valve was inserted in the descending thoracic aorta (Kerwin et al., 1962) . The absence of any microscopic evidence of rejection of the valve cusps in our two patients leads to the hope that the elastic and collagenous tissue of the cusp, which is nourished entirely by the blood in contact with its surface, will function permanently.
Selection of patients for homograft valve replacement has differed a little in the various disease categories. In aortic incompetence this operation was considered the treatment of choice after the first three advanced cases made uneventful recoveries, and in rheumatic and syphilitic cases no other form of valve replacement has since been used. Pending the results of further observation of the long-term behaviour of these valves, however, surgery has to date been reserved for those with gross incompetence. In calcific aortic stenosis decalcification of the valve has as a routine been tried first, and homograft replacement has been reserved for patients whose valves defied attempts at decalcification. While we now regard homograft replacement as the method of choice in any patient whose valve cannot be decalcified, in the earlier stages of the period under review single or multiple cusp replacement with teflon leaflets (Bahnson et al., 1960) was also used occasionally. In the multivalvular group surgery has been advised only when the patient was not controllable medically. It should be emphasized that in selecting the patients in this series none has been refused operation because of the severity of aortic valve disease, nor has a history suggestive of previous myocardial infarction been considered a contra-indication. Moreover, age alone has not been viewed unfavourably provided the patient was well preserved. The oldest patient in this series was 66 years, but in the same period two others, aged 68 and 71 years, have had their aortic stenosis relieved without the necessity for valve replacement, and all three of these patients have made very satisfactory progress.
The aseptic technique used to obtain valves in the mortuary within 15 hours of death has been exacting and time-consuming, and it is certainly easier when the pathologist collects the valve during the necropsy examination and has it sterilized by beta-propiolactone. While seven such valves have now been inserted in this series and have functioned well for up to three months, it seems preferable at this stage to obtain the valves sterile in case the sterilization process alters the host reaction to the graft. Once a sterile graft is obtained, freeze-drying has been accepted as the best method of long-term storage; but unfortunately it takes 30 minutes to reconstitute a freeze-dried valve and, if the principle is adopted of deciding to use a homograft only when decalcification has failed, this delay is unacceptable. If In some of the earlier cases the heart was kept beating during insertion of the valve in the belief that coronary perfusion was more adequate than when ventricular fibrillation was present, but, since a contracting ventricle may increase the technical problem of suturing the valve, and since this group did no better post-operatively, this practice was abandoned.
The method used to suture the valve in position is based on the assumption that two suture lines are necessary for security. The proximal suture line below the cusps is not very difficult to insert once the graft is turned down into the ventricle; and it is an advantage that it is buried when the graft is pulled upwards into its correct final position. The additional segment of aortic wall and ventricular muscle which must be left attached to the graft below the cusps adds slight extra bulk and may be the cause of a minor gradient across the valve at the end of operation. This gradient has never proved significant, however, and as this portion of graft presumably atrophies once union is complete, it is of only temporary importance. This suture line lies just above the conduction bundle, which was permanently damaged in one patient. This error can be avoided by keeping the sutures away from the lower margin of the membranous interventricular septum. The second and distal suture line lies above the cusps and often passes partly or completely through the host aortic wall rather than the cusp remnant. Both proximal and distal suture lines are continuous stitching, as this avoids numerous knots and free silk ends, which are potential sites for infection, and also serves to distribute stresses evenly. This is particularly important when the valve removed is bicuspid, for then the upper suture line of the tricuspid prosthesis cannot follow the line of the excised cusps but crosses the thin wall -of the sinuses of Valsalva. Our experience makes, it quite clear that this is not dangerous, at least when using homograft valves, and that teflon pledgets outside the aortic wall are 149 group.bmj.com on April 13, 2017 -Published by http://thorax.bmj.com/ Downloaded from not necessary as there has never been leakage through the aortic wall and no graft has become detached.
The three hospital deaths in these 44 patients, two-thirds of whom had grade 4 symptoms and signs of very advanced disease, indicate that the risk of operation is small. Although about half the patients have a short faint aortic early diastolic murmur as well as an insignificant ejection systolic murmur, no patient appears to have significant aortic incompetence or stenosis on clinical grounds. In one patient a positive blood culture was obtained about three weeks after operation, and it seems that this infection, due to a penicillinsensitive Staph. aureus, has been completely eradicated by one four-week course of antibiotics.
When it is realized that infection on a plastic aortic prosthesis is virtually incurable, this is a significant and most encouraging achievement.
The two deaths approximately four months after operation are disappointing, but neither can be attributed to aortic valve failure. In both patients death was probably due to coronary artery disease with widespread fibro-elastic intimal thickening in the smaller mural branches and secondary patchy fibrosis of hypertrophied myocardium. These lesions were an unexpected finding and their incidence and aetiology are being studied further.
SUMMARY
The aortic valve has been totally replaced by a homograft valve in 21 patients with incompetence, 17 with calcific stenosis, and six with multivalvular disease in which two or three valves were dealt with at the same operation. All the patients had severe valve lesions and 28 of the 44 patients had symptoms and signs of very advanced disease. Forty-one patients survived and have a normally functioning aortic valve up to 15 months later.
Two of the homograft valves have been examined at necropsy three and a half and four and a half months after insertion, and, in both, the architecture of the cusps was normal.
Significant morbidity has been confined to postoperative endocarditis, rapidly cured by a single course of antibiotics in one patient, and to permanent complete heart block in another.
The majority of the valves have been secured sterile and stored in nutrient medium or by freezedrying. Heart-lung bypass was conducted at 30°C. with continuous perfusion of both coronary arteries using plastic coronary cannulae with selfsealing metal tips. The method of inserting the valve in a subcoronary position has been described in detail.
The results suggest that homograft aortic valve replacement is the method of choice in the treatment of severe aortic incompetence and of most examples of severe calcific aortic stenosis.
My thanks are due to my cardiological colleague, Dr. J. B. Lowe, for the medical management of these patients, and to Dr. Judith Smith for the pathology.
